Abstract. The aim of this paper is to introduce the concept of 7-connected topological spaces. Furthermore, the notions of 7-separated sets, 7 s -connected sets, 7-component are introduced and studied. Also, the concept of set 7-connectedness and 7-connected spaces between subsets are introduced and the relationships of them are investigated.
Introduction
Various connected forms of topological spaces have been introduced in the literature. In this paper, the notion of 7-connected spaces is introduced. The relationships among the forms of connectedness are investigated. Also, the concepts of set 7-connected functions and 7-connected spaces between subsets are introduced. It is shown that within the class of surjective functions the classes of set 7-connected functions and slightly 7-continuous functions coincide. Moreover, the notions of 7-separated sets, 7 s -connected sets and 7-components are introduced and the relationships among the related notions are obtained.
Preliminaries
Throughout the present paper, X and Y are topological spaces. Let A be a subset of X. We denote the interior and the closure of a set A by int(A) and cl(A), respectively.
A subset A of a space X is said to be preopen [11] A subset A is said to be semiopen [10] if A C cl(int(A)).
The complement of a semiopen set is called semiclosed [5] . The intersection of all semiclosed sets containing A is called the semiclosure [5] The union of all 7-open sets of X contained A is called 7-interior of A and is denoted by 'y-int (A) .
The family of all a-open (resp. 7-open, 7-closed, 7-clopen) sets of X is denoted by aO(X) (resp. 7O(X), 7C(X), jCO(X)). The family of all 7-open (resp. 7-closed) sets of X containing a point x is denoted by 70(X,x) (resp. 7C(X,x)).
7-connected spaces

DEFINITION 1. A topological space X is said to be 7-connected if X can not be expressed as the union of two nonempty disjoint 7-open sets of X.
EXAMPLE 2. Let U be an ultrafilter on an infinite set X and let r be the topology r = U U {0}. Then (X, r) is 7-connected. In particular, if we take a free ultrafilter, then we obtain a T\ 7-connected space. We also observe that there are no Hausdorff 7-connected spaces. THEOREM 3. Let X be a topological space. X is a 7-connected space if 7-cl(V) = X for each nonempty V € 7O(X).
Proof. We shall show that the following statements are equivalent for a topological space X:
(1) U nV/0 for every nonempty 7-open sets U, V of X, (2) 7-cl{V) = X for each nonempty V E 7O(X).
Let V be a nonempty 7-open subset of X such that 7-cl(V) X. Then there exist x € X such that x £ 7-cl(V). We have K e 7O(X) such that x 6 K and K fi V = 0. This is a contradiction.
Conversely, suppose that there exist nonempty 7-open sets U, V of X such that U n V = 0. Then U c X\V. We have 7-cl(U) C 7-cl(X\V) = X\V. By (2), 7-d(?7) = X c X\V. Thus, X\V = XandV = 0. This is a contradiction.
Hence, the proof is completed.
• DEFINITION 4. A topological space X is said to be preconnected [14] (resp. semiconnected [13] Recall that a topological space is said to be hyperconnected if every open set is dense.
DEFINITION 9. A topological space X is said to be extremally disconnected [4] if the closure of each open set of X is open in X.
DEFINITION 10. A topological space X is said to be PS-space [2, 9] if every preopen set of X is semiopen in X.
THEOREM 11. A space (X,T) is 7-connected if and only if it is hyperconnected PS-space.
Proof. (-£=) : By Theorem 6.4 [2], since X is hyperconnected PS-space, X is not union of two disjoint nonempty /3-open subsets. Thus, X is 7-connected.
(=£>) : Let X be 7-connected. Then it is both semiconnected and preconnected. Since X is semiconnected, it is hyperconnected. Since X is preconnected, it follows from Theorem 4.1 [2] that X is PS-space.
• REMARK 12.
(1) If X is an extremally disconnected space, then the following properties are equivalent:
If X is an extremally disconnected PS-space, then the following properties are equivalent:
Proof. (1) We can obtain it since X is extremally disconnected then every 7-open set is preopen.
(2) By Theorem 4.1 in [2], a space X is a connected PS-space if and only if X is preconnected. By (1), since X is preconnected if and only if X is 7-connected, then the above properties are equivalent.
• Proof. (=>): Suppose that K is a clopen subset of f(X) with respect to the relative topology on f(X). Suppose that f~l (K) is not 7-closed in X. Then there exists x G X\f~1(K) such that for every 7-open set U with xeU, Unf-^K) ± 0.
Set
Suppose that there exists a 7-clopen set A such that f~l(K) c A and
and X\A is a 7-open set containing x and disjoint from f~l(K). This contradiction implies that X is set 7-connected between x and f~1(K). Since / is set 7-connected, f(X) is connected between f(x) and fif-^K)). But f(f~1(K)) C K which is clopen in f(X) and f(x) $ K, which is a contradiction. Hence, f~l(K) is 7-closed in X. By similar way, by using complements, we obtain that f~1(K) is 7-open.
(<=): Suppose that there exist subsets A and B of X for which f(X) is not connected between f(A) and f(B) in relative topology on f(X). Hence, there exists a set K C f(X) that is clopen in the relative topology on f(X) such that/(A) C K and KC\f(B) = 0. Then A c f~x{K) , Bf]f~l{K) = 0 and f~l{K) is 7-clopen, which implies that X is not 7-connected between A and B. We obtain that / is set 7-connected.
•
THEOREM 21. Let f : X -> y be a function. If f is set 7-connected, then it is slightly 7-continuous.
Proof. Let F be a clopen subset of Y. Then F fl f(X) is clopen in the relative topology on f(X).
Since / is set 7-connected, by Theorem 20, /-i(F) = /"'(Fn/ffl) is 7-clopen in X. .
THEOREM 22. Let f : X -> Y be a function. If f is slightly 7-continuous surjection, then it is set 7-connected.
Proof. It can be obtained from Theorem 20.
• REMARK 23. The following example shows that in general slightly 7-continuity is not equivalent to set 7-connectedness. Then / is slightly 7-continuous but it is not set 7-connected. 
7-separation of subsets
DEFINITION 26. A subset A of a topological space X is said to be: (1) 7-connected if A is 7-connected as the subspace of X. (2) ^s-connected if A is not the union of two 7-separated sets in X.
REMARK 27. Since A C ^f-cl(A) c Cl{A) for every subset A oi a topological space X, any two separated sets are 7-separated and also two 7-separated sets are disjoint. . Since A and B are 7-separated in X, they are nonempty disjoint. Hence, Y is not 7-connected. This is a contradiction.
• THEOREM 32. If A is 7 s -connected set of a topological space X and U, V are 7-separated sets of X such that A c UUV, then either A c U or A c V.
Proof. Since A = (AnU)U(AnV), we have (AnU)r\-y-cl(Ar\V) C UC\>y-cl(V) = 0. By using similar way, we obtain {A H V) fl 7-cl(A f]U) = 0. If A n U and Af)V are nonempty, then A is not 7 s -connected, which is a contradiction. Hence, either A(~)U = 0 or AtlV = 0. It follows that either
• THEOREM 33. Let X be a topological space. If X is 7-connected and Y G 7O(X), then Y is 7-connected.
Proof. Suppose that Y is not 7-connected. Then there exists a 7-clopen set A of the subspace Y such that A ^ 0 and A / Y. Since Y G 7O(X), by Lemma 28, A G 7CO(X). We obtain that X is not 7-connected. This is a contradiction.
• Proof. Suppose that S is not 7s-connected. Then there exist 7-separated sets U and V such that S = U U V. Hence, U and V are nonempty and U n 7 -cl(V) = 0 = V n 7-cl(U). By Theorem 32, we obtain either AcU or A C.V.
(1) Suppose that AcU. Then 7 -cl(A) C -y-cl(U) and V n 7-cl{A) = 0. We have V C S C 7-cl(A) and V = 7-cl{A) n V = 0. Hence, V is an empty set. This is a contradiction since V is nonempty.
(2) Suppose that A C V. By using similar way, we obtain that U is empty. This is a contradiction.
This implies that S is 7s-connected.
• (2) Suppose that x G V. Then, by using similar way, we obtain that U is empty which is a contradiction.
Hence, U Bi is 7,,-connected.
• iei Proof. (2) Suppose that U and V are two distinct 7-components of X. If U and V intersect, then U U V is 7,,-connected in X by Theorem 39. Since U C U U V, then U is not maximal. Hence, we obtain that U and V are disjoint.
(3) Let V be any 7-component of X. By Theorem 35, 7-cl(V) is 7S-connected and V = 7-cl(V). Hence, V is 7-closed in X.
• THEOREM 41. If{A n : n G N} is an infinite sequence of 7-connected a-open sets of a topological space X and A n C\A n+ i 0 for each n G iV, then U A n neN is 'y-connected.
